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Abstract
A dye solar cell with a dimension of 6 x 2 cm is fabricated with thickness of 40 μm, 80 μm and 120 μm of TiO2 by 
smearing it on an ITO coated glass. It is then tested under the average solar irradiance and temperature of 693.69 
w/m2, 44.4 oC respectively. Based on experimental investigation it is found that TiO2 of 40 μm produces Voc = 0.21V, 
Jsc= 121.28 μA, while the 80 μm produces Voc= 0.16 V, Isc  ȝ$ and TiO2 layer with thickness of 120 μm 
produces Voc = 0.00063 V, Isc = 0 mA. From these results it shows that the best charge generation is from the thinner
TiO2 thickness layer which is the 40 μm compare to with the other size.
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1. Introduction
Thin-film technologies reduce the amount of material required in creating the active material of solar cell. Most thin 
film solar cells are sandwiched between two panes of glass to make a module. Since silicon solar panels only use one
pane of glass, thin film panels are approximately twice as heavy as crystalline silicon panels [1]. Thin-film solar 
technologies have enjoyed large investment due to the success of first Solar and the largely unfulfilled promise of 
lower cost and flexibility compared to wafer silicon cells, but they have not become mainstream solar products due to
their lower efficiency and corresponding larger area consumption per watt production [2]. There are three thin-film 
technologies often used as outdoor photovoltaic solar power production. CdTe technology is most cost competitive
among them CdTe technology costs about 30% less than CIGS technology and 40% less than A-Si technology in 2011
[3].
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2. Methodology
2.1. Tools Preparation
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Equipment  used  in this  research are  a steel sheet, a transparent glass, binder clip, tape, cutter, glass beads, 
mortars (grinding), tissue paper,  filter paper, alligator clip wire, glass beaker,  pipette drops,  mumps pipette, 
measuring cup, oven, furnace, stirrer rod, aluminium foil, multimeter. 
 
2.2. Materials Preparation 
The  materials  used  in  this study were Titanium Dioxide TiO2 (IV), triton X-100, Methoxypropionitrile, 
,QGLXPWLQR[LGHFRDWHGJODVVVOLGHaȍVTVXUIDFHVHQVLWLYLW\,  show in Table 1. 
 
Table. 1. Materials used in this research 
No Materials Specification Function / Usage 
1 Titanium Dioxide TiO2 (IV)  99.9 % trace metal basis As electrode 
2 Triton® X-100 Organics liquid To dissolve TiO2 powder 
3 Methoxyproprionitrile >98.0 % GC As counter electrolyte 
4 Indium tin oxide coated glass slide (ITO)  aȍVTVXUIDFHVHQVLWLYLW\ As electrically conductive glass 
5 Syzigium Oleina 
Shaped fruit is a small berry 
fruits that are red to reddish 
brown 
As dye to absorb photon from 
sunlight 
 
 
2.3. Preparing the Substrate for Deposition 
 
The simplest and most widely used method for depositing titania paste on a substrate is the so-called doctor-
blade method. With this technique, the thickness of the titania layer is determined by the thickness of a spacer placed 
on both sides. Using the Scotch tape which has a thickness of about 0.04 mm, 2 Layer = 0.08 mm and 3 Layer = 0.12 
mm show in Fig. 3.3, with the conductive side facing up, apply two parallel strips of tape on the edges of the glass 
plate, covering about 5 to 7 mm of glass. The area of uncovered glass in the middle of the glass is where the titania 
will be deposited. Edges masked by the tape will give room for future sealing and electrical contacts. Take advantage 
of the adhesive tape to hold the glass plate in position on the workbench. This will prevent the plate from moving 
while making the deposition stroke, show in Fig. 1. ( a ), ( b ), and ( c ). 
 
        
 
(a)    1 Layer = 0.04 mm                                          (b)     2 Layer = 0.08 mm                                   (c)    3 Layer = 0.12 mm  
 
 
Fig. 1. Measured thickness of scoth tape used EDC (Electronic Digital Caliper) 
 
 
 
 
 
2.4. Preparation of TiO2  
TiO2 powder as much as 3 grams of crushed using a mortar and then added into it as much as 0.2 mL of triton 
X-100. This mixture was stirred until evenly distributed. Then stirring to evenly. If it has been uneven. Settling of the 
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titania paste can occur over time [5]. Make sure to start with a homogenous paste, stir well before use with a glass rod 
or similar tool. 
 
2.5. Doctor-Blading the Titania Paste 
Apply a portion of paste near the top edge of the TCO glass between the two pieces of tape. With a rigid 
squeegee, such as a microscope slide or a glass rod, spread the paste across the plate with the support of the adhesive 
tapes on both sides. The gap between the strips of tape should be filled with a layer of titania paste. Repeat the 
operation until you have a reasonably homogenous layer. Coating was done by using doctor-blade until it reaches one 
thickness of Scotch tape [6], The cathode of a Dye Solar Cell is made with carbon also. is easier and cheaper to 
realize. This makes carbon electrodes of great interest for research purposes.  
The titania electrode is completed by firing the deposited layer. The vehicle of the paste burns away, leaving 
the titania nanoparticles sintered together. This process ensures electrical contact between particles and good adhesion 
to the TCO glass substrate. Sintering can occur in an oven, or on a programmable hotplate. First remove any adhesive 
tapes used for doctorblade deposition, and place the freshly coated glass plate in or on the heating device at room 
temperature. Set the desired temperature to 230°C. While heating up, you may observe that the titania layer turns 
brown/yellow and releases fumes. This corresponds to the evaporation and combustion of the non-toxic chemicals 
used in the paste formulation. After 40 to 45 minutes at 230°C, the baked titania layer looks white again or 
transparent, indicating that the sintering process is over. Allow the heating device to cool down before removing the 
fired electrode. A sudden change in temperature can cause the glass to break. The resulting nanoporous layer made 
from the sintered particles can absorb moisture from ambient air, make sure to store the sintered electrodes in a sealed 
environment soon after firing [7]. 
 
2.6. Staining the Titania 
Titanium dioxide is a white semiconductor that doesn’t absorb visible light. Therefore, it is necessary to 
colour, or sensitize, the titania electrode with a dye that can absorb as much light as possible in the visible light 
spectrum. This section discusses the different methods for staining a titania electrode with a sensitizing dye. 
 
2.7. Staining With a Natural Dye  
Green plants and their fruits are a fantastic source of natural dyes that absorb visible light. The red pigments 
found in Syzigium Oleina can work especially well in Dye Solar Cells. Red fruits are very handy for experimenting. 
The sensitization of titanium dioxide by natural dyes consists of soaking the titania electrode in mashed fruits [8]. 
Complete staining can take from several minutes to several hours, while the dye molecules from the fruit juice 
naturally adsorb onto the titania particles. The longer the electrode soaks in the dye, the better dyed the titania will be. 
Start crushing fresh fruits in a petri dish or similar container. The fruits must be juicy enough to get the titania 
electrode completely soaked. Place the electrode onto the mashed fruits with the titania surface facing down. If 
necessary, apply slight pressure on the glass plate so that the whole titania area is soaked by the mixture. The 
sensitization process takes an hour or more. Wait as long as possible, so that more dye molecules can attach to the 
titania. Remove the stained electrode and clean it carefully with tissue. Wait a few minutes for the ethanol to evaporate 
or use a hair-dryer to gently dry the electrode faster. The resulting stained titania should now look red almost all over 
its surface. If not, put it back in the fruit juice for further dyeing. Note that the mashed fruits don't offer a homogenous 
medium, and may cause a pattern on the stained titania electrode. This is not a problem with the operation of the solar 
cell. Place the Scotch tape around the titania area on the anode. The dimensions of the gasket and the stained titania 
shall match but not overlap. There should be one edge of the electrode that's not completely covered by the gasket to 
leave room for electrical contacts. 
 
2.8. Putting Electrodes Together 
Have seen how to prepare a titania anode and a counter-electrode. Now let's see how to assemble the two 
electrodes into a solar cell, show in Fig. 2. When the electrodes are put together, the active sides of the anode and the 
cathode will be facing each other. In other words, the stained titania will face the platinum or carbon of the counter-
electrode. The gap left between the two glass plates will be filled with electrolyte during the next step. 
This step can be accomplished using two different approaches [9]. First, electrodes can be pressed together, and the 
electrolyte soaked in the resulting stack by capillary effect. Second, the two electrodes can be sealed together and the 
electrolyte injected via gap two glass. 
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Fig. 2. Finally assemble 3 Dye sensitized solar cells with different thickness of TiO2. 
 
        
2.9.  Dye sensitized solar cells testing and data collection 
 
 Testing of dye sensitized solar cells with 3 different thickness of titanium dioxide has been done in the 
forecourt parking Centre of excellent sources of renewable energy for University Malaysia Perlis was done to data 
collected, show in Fig. 3 ( a ) and ( b ). 
 
 
 
Fig. 3 ( a ). 3 DSSC with different thickness Test under sun  
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Fig. 3 (b). 3 DSSC with different thickness to data collection
3. Results
3.1. Different layer thickness Titanium dioxide (TiO2) ; 0.04 mm, 0.08 mm and 0.12 mm.
Different layer thicknesses Titanium dioxide (TiO2) with thickness 0.04 mm, 0.08 mm and 0.12 mm, show in 
Fig 4 (a), (b), (c), (d) and Table 2.
Fig. 4. (a) Voltage with 3 different vs Time
Voltage with 3 different layer thicknesses vs Time
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Fig. 4. (b) Current vs Time
Fig. 4. (c) Temperature of DSSC vs Time
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Fig. 4. (d) Solar Irradiance vs Time
Table 2. Result of 3 samples dye sensitized titanium dioxide solar cells
Scoth tape 
Layer
Layer
( mm )
Average Average
Isc  ( μA ) Temperature(0C)
Solar Irradiance
( W/m2 )
Layer 0.04 0.21817 121.289 51.855
641.522 Layer 0.08 0.16306 69.8978 50.5296
3 Layer 0.12 0.00063 0 50.9592
By making three of dye sensitized titanium dioxide solar cells with the thickness difference in thickness can result
that the titanium dioxide layer on the surface of 0.04 mm (40 μm) glass better than the thickness of 0.08 mm (80 μm)
and 0.12 mm (120 μm), experimental investigation for different thickness as mention above that they produced open 
circuit voltagH9RFRI99DQG9UHVSHFWLYHO\7KHLUVKRUWFLUFXLW,VFZHUH$ȝ$
DQGȝ$UHVSHFWLYHO\ The results indicate that the TiO2 thickness of 40 μm was the best solar cell. 
3.2. Scanning Electron Microscope ( SEM )
Titanium dioxide coated with thickness 0.04 mm, 0.08 mm and 0.12 mm was image by scanning electron
micriscope, show in Fig. 5 (a), (b) and (c).
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   (a) 0.04 mm                                           
 
 
    
 
(b) 0.08 mm                                                        
 
 
 
 
(c) 0.12 mm 
 
 
Fig. 5. SEM image of Titanium dioxide surface at zoom x 5,000 and 5 μm with different thickness  
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4. Conclusions 
 
1. Base on experiment result TiO2 thin film thickness affect on charge generation of TiO2 solid state photovoltaic 
solar cells  
2. Base on data the best thickness of titanium dioxide on the surface indium tin oxide coated glass are 0.04 mm or 
40 μm if compare with thickness of titanium dioxide on the surface indium tin oxide coated glass 0.08 mm or 80 
μm and 0.12 mm or 120 μm. 
3. Scanning Electron Microscope (SEM) showed that different of titanium dioxide surface at zoom x 5,000 and 5 
μm.  
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